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Method and device arrangement for automatic dose control of chemicals 
Field of the invention 

The present invention relates ro a method for automatic dose control of chemicals in 
hqutd treatment system, particularly for automatic dose control of chemicals in wa- 
ter, waste water and industrial water treatment. " 

The present invention also relates to a device arrangement for automatic dose con- 
trol of chemicals in hquid treatment system. 

Background of the invention 

Several short and long-term phenomena appearing in liquid treatment processes in- 

of * UeatUlei11 ^ m ° ften variations in the 

quantity of hquid to be treated. For example the consumption of industrial or drink- 
nig water and dte amount of waste water greatly vary depending on the plant capac- 
ity, ume season, weather, etc. The quality of the incoming water, e.g. turbidity 
suspended solids, pH, phosphorus, tcmpexatuie, also varies rapidly sometimes. 

Today chemicals are often dosed on the basis of incoming flow rate in liquid treat- 
ment plants. This does not guarantee the treatment efficiency, if the. quality of liquid 
Steady changes. This leads easily to over or under dose of chemicals depending on 
*e quahty ot liquid. Often the liquid treatments include many complexes™, 
:H - d flOCCUW * - — on u-catment 

Feedforward dosing on the basis of incoming flow rare is nor. sufficient since the 
quality of the hquid is changing. Feedback control with a PID (Proportional Inte- 
gral and Derivative) controller provides improvement if fluctuations are 'fairly 
small. Vanauons in operating conditions require adaptation of tho controllers. 

Gam scheduling based on arrays of parameters and switching strategies based on 
predefined models with specialized controllers require complex logic for adaptation 
as large sets of parameters or correspondingly numerous process models are needed 
in _ uiuhivariablc systems. Identifiei-based, parameterized controllers can operate 
with few models as the control signal is based on a current estimate of The pror^ 
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model, but mase controllers are significantly more complex than the ones based 
switching strategics. 

One example of adaptively designing self-tuning PID controller is disclosed in 
WO0198845 and it can be characterized by parameter values derived from interpo- 
lation of process model parameters. Parameters characterize each of the models. A 
value of the parameters is selected from a set of predestined imtialization values. 
For each parameter value so called accumulated Norm (which is derived from a 
model square error calculated for the models) is calculated as repeated evaluations 
of models are conducted. For each parameter an adaptive parameter value (a 
weighted average of the imdahzalion values) is also calculated. The set of adaptive 
process parameter value are then used to redesign a process controller. Parameter- 
ized controller is a uniform solution to feedback and feedforward adaptive PID con- 
tol. Proposed interpolation technique improves the adaptation process, but the 
15 adaptive model can be very complex. 

Self-Lunhig PID compilers are efficient in adapting only to slow changes in operat- 
ing conditions, as such adaptation mechanism is fairly slow. Disturbances durin* 
the adaptation may cause serious problems. Limitations become more prominent in 
20 multivariable systems. 

The current invention is founded on a novel approach where dosing control is based 
on both adaptive and non-linear features. Adaptive fuzzy control could be in princi- 
^ pie posstble, especially if the changes are fairly slow. Tht, technique is less sensi- 

2D uvc to disturbances than self-tuning PID controller. Model-based control and 
switching steatoses, similar to the strategies described above for PID comroUers, 
could improve the operation. However, all these methodologies lead to extremely 
complicated control structures containing multiple interactive and dependent pa- 
rameters which arc difficult to handle. The adaptation logic becomes complicated as 

30 the number of parameters handled increases. 

Smooth and fast adaptation to rapid variations improves the performance of dosing 
control. As non- linear features are handled in a compact way with linguistic equa- 
tions (LE). LE controllers provide a feasible basis for adaptive non-linear control 
Number of parameters is small compared to the controllers described above and all 
die parameter* are understandable giving insight on the process operation. The basic 
controller can a^ady handle non-linear operating conditions, and the compact 
structure facilitates various adaptation techniques. Predefined adaptation approaches 
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addressed by the inventive method for dose control does not require time consum- 
ing identification of models or parameters. Compact parameter set is also beneficial 
in the tuning of the LE controllers. 

5 Summary or the invention 

The present invention provides a inediod aud a device arrangement for dose control 
of chemicals. This is accomplished by using the properties of liquid to modify the 
control surface of a linguistic equation (LE) conuoller adaptively by means of an 
adaptation block to control the dosing of one or more chemicals to the liquid by one 
or more controllers. The control surface or ihe LE controller modified with the ad- 
aptation block is non-linear. 

It is characteristic for the invention what is claimed in the. independent claims. 
15 Some of the preferred embodiments arc claimed in the dependent claims. 

It is an object of the present invention to provide a new method for dose control of 
chemicals. 
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9.0 



Tr is another object of the present invention m provide a new device arrangement for 
dose control of chemicals. 



It is still another object of the present invention to provide a new method for dose 
control of chemicals in situations where the environment, such as the quality or the 
25 flow rate of the liquid, ia changing rapidly. 

It is still another object of the present invention to provide a new method for dose 
control of chemicals in water treatment. 

30 In the present invention the amount of one or more chemicals arc monitored and 
controlled with non-linear adaptive multivariable controllers on the basis of meas- 
urements in liquid treatment system. Preferably tiie liquid treatment system relates 
to water or wastewater treatment applications. Basic controllers, which are prefera- 
bly feedforward and/or feedback controllers, can be combined into different control 

35 strategies. For example, the feedforward controller predicts the process changes and 
optimizes the ratio of chemical consumption. The Fine tuning of chemical dosage 
may be done by the feedback controller. Controllers operate adaptively at large 
range of the process conditions. The change from one operating area to another is 
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1 f T™ 1 C ° t " roUer bB sufficto "; « U" "to «d a cas- 
cade u-Wte can be included for adapting the SK point to special op^ conl 

Measormnenu, can be direct or indirect real time or off-line measurements Direct 
~~«>» are obtained by on-line moments, which measure 

n^Calao ceiled S ofi sensors) are calculated from on-line and/or off-line mess- 
" y Lt " m0d ! 1 OT »»— • indirect mcasnrements can repiacc 

^ is can oe used in predictive mode uidtcating the change of operation 

L^Th ? «" J"—* comprise, one or more adaptotion blocks and control- 

f*- f^"* 18 *" 01 to modify dre confrol 

aort to of a hngmstm equation (UQ comroUer, and the adaptation is defined with a 

20 SSSST ' "° £<mtt0 ' ^ ■" to ** - te liquid by one ur 

5 cClr'T r^^ **• «* — b dose control 

of chemicals m Iiqmd treatment comprises also an LuelUgeut analyser for monilor- 
ntg the process. Intelligent a„a lyOT H an implemented ^ 
25 representing measurement handling routines. 

b another preferred embodiment the system comprises also means for dam logging 
m*«mm for connecting to data nenvo* (for example intone, or LAM) for SZ 

30 2 1 ^ ™ nit °* aS -* *» ^ 5 Md »P^4 dre pro" 

*e aystem te arranged to send an atam message to a remote system, eg. to a mo- 
example in case or problem or for trouble shooting, ta still another embodiment the 

The method acceding to the invention can a!so be used in dosing eomrol of ehemi. 
eals m retention, deposit control end foam prevention applications. Retention refers 
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to the efficiency with which small particles (or additives) remain in the paper during 
its formation rather than staying widi the white water. Deposits refer to the aocumu 
lations of material, coming from the water or suspended particles, onto wetted sur- 
faces within a paper machine system or onto paper board. The method optimizes the 
efficiency of chemical treatment and the amount of chemicals. In addition, die 
wastes are minimized in the applications. As a result, the costs in the process are 
decreasecL 

Process requirements give the target for the chemical treatment efficiency itself. 
Treatment can influence further on ihe productivity of the processes and quality or 
me product. Overdose of chemicals may produce an unacceptable product in the 
process. Target is to add the amount of chemical or chemicals that is/are needed to 
optimize die process performance and to avoid problems. 

The chemicals to be used in the method of the current invention can be any chemi- 
cals appropriate for the liquid treatment process used. Some examples of such 
chemicals ate, but are not limited to, coagulants, flocculants, oxidants, reductants, 
adsorbents, dispersing agents, defoamers andbiocides. 

Next the invention will be described in detail. The description will refer to the fol- 
lowing drawings. 

Brief description of the drawings 

Figure 1 shows a schematic drawing of a water quality indicator for the case exam- 
ple. 

Figure ?. is a graph depicting the purity factor and scaled canonic demand. 

Figure 3 shows a schematic drawing of a feedback controller where coefficients C,- 
C 3 arc tuning parameters. RE mean real values and LE mean linguistic levels in the 
range of [-2.2]. 

Figure 4 shows a schematic drawing uf an adaptive feedback controller based on 
quality of incoming water according to the soft sensor in water treatment applica- 
tion. LL 

Figure 5 shows a schematic drawing of a generic adaptive model. 
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Figure 6 shows a schematic drawing of a generic feedforward controller. 

Figure 7 shows a schematic drawing of a feedforward controller based on the qual- 
ity of incoming water in water treatment application. 

5 

Figure 8 shows a schematic drawing of the dynamic simulator developed for the 
water purification unit. 

Figure 9a is a graph depicting the fluctuation of die water quality during die plant 
1 0 test on 17.2.2003 wherein the incoming water feed ie constant. 

Figure 9b is a graph depicting the performance of the new LE feedback controller at 
the plant tested on 17.2.2003. 

15 Figure 9c is a graph depicting the simulated and the measured turbidities with test 
data of 17.2.2003. 

Figure 10a is a graph depicting the situation where the quality ot the. water is getting 
impure and the incoming water feed is constant. 

2U 

Figure 10b is a graph depicting die results from a test where the performance of cur- 
rent commercial feedback controller was tested on the plant. 

Figure 10c is a graph depicting the simulated and thfi measured turbidities with test 
25 data of 10.3.2003 

Figure lOd is a graph depicting the simulated performance of the new LE feedback 
controller on data of 1O.3.20O3. 

30 Figure 1 1 a is a graph depicting the situation where the quality of the water is getting 
more pure and the incoming water feed is constant during test on 22.5.2003. 

Figure lib is a graph depicting the results from a test where the performance, of 
commercial feedback and feedforward controllers were tested on 22.5.2003. 

35 

Figure 11c is a graph depicting me measured and the simulated turbidities on the 
data of 21-22.5.2003 
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Figure lid is a graph depicting ihe simulated performance of the new LE feedback 
and feedforward controllers tested with the data of 21-22.5.2003. 

Figure 12a is a graph depicting the situation where the amount of the treated water 
5 is halved during test on 13.3.2003. 

Figure 12b is a graph depicting Iht resulls from a lest where the performance of the 
uew LE feedback and feedforward controllers was tested on 13.3.2003. 

10 Figure 12o is a graph depicting the measured and the simulated turbidities on the 
data oH 3. 3. 2003. 

Figure 13a is a graph depicting die situation where the amount of the treated water 
is getdng doubled and the quality of the water is rather constant. 

15 

Figure 13b is a graph depicting the results from a test when?. The performance of cur- 
rent commercial feedback controller was tested on 1 1 .3.2003. 

Figure 13c is a graph depicting the measured and the simulated turbidities on the 
20 data of 11.3.2U03. 

Figure 13d is a graph depicting the simulated performance of the new LE feedback 
controller tested with the data of 11. 3.2003. 

25 Figure 14a is a graph depicting the situation where the amount of the treated water 
is getting halved. 

Figure 14b is a graph depicting the results from a test where the performance of the 
current commercial feedforward and feedback controllers tested on 4 .6.2003 

30 

Figure 14c is a graph depicting the measured and the simulated turbidities on the 
data of 4.6.2003. 

Figure 14d is a graph depicting die simulated performance of the new LE feedback 
35 and feedforward controllers tested with the data of 4.6.2003. 

Figure 15a is a graph depicting the quality and the amount of incoming water on 1- 
3,6.2003. 
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Figure 15b is a graph depicting the results from a test where the performance of the 
current commercial feedforward and feedback compilers wei« tested on 1- 
3.6.2003. 

5 

Figure 16a is a graph depicting the quality and the amount of incoming water on 1- 
2.5.2003. 

Figure 16b is a graph depicting the results from a test where the performance of tho 
10 current commercial feedback controller was tested on 1-2.5.2003. 

Figure 17a is a graph depicting the quality and the. amount of mncrniing water on 
5.2.2003. 

15 Figure 17b is a graph depicting the results from a tost where the performance of the 
current commercial feedback controller was tested on 5.2.2003. 
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Definitions 



As used herein the expression "the quality of liquid" describes the properties of the 
liquid which can be physical or chemical online measurements and/or online analy- 
sis or calculated values for example from one or more online/offline measurements 
and/or analysis of liquid, process conditions, consumption of chemicals, ireaunent 
result and target of the treatment efficiency. Examples of specific types of these 
kinds of calculated properties are quality index and purity index, which are ex- 
plained below. The physical or chemical properties can be for example turbidity, 
conductivity, canonic demand, pH. amount of suspended solids, extractives or 
phosphorus. The quality of the liquid can be expressed as an index or factor, which 
30 can be in numeric or linguistic form. 

As used hcreiu the leun "quality index" (QI) describes the relative quality of the 
liquid to be treated by chemicals. Further the quality indftx describes the level of 
chemical(s) need to obtain the desired process performance. 

As used hexein the term "purity index" (PI) is a type of quality index, which de- 
scribes the relative purity level of me incoming liquid to the liquid treatment unit. 
The purity index describes the need of chemicals to obtain the desired level of pu- 
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riiy of the outgoing liquid. Current on-line measureinents known in the art such as 
measurements of suspended solids do not well enough describe the level of chemi- 
cal(s) need. The purity index correlates for example to the concentrations of soluble 
henucelluloses and extractives agents. These concentrations can not be seen in on- 
5 line suspended solids measurement of the incoming liquid. The purity index is a 
basis for feedforward controller. Li addition, the purity index helps to identify the 
state of the piocess. 

As used herein the term "liquid" defines any subsuuice containing sufficient amount 
10 of liquid phase to be used in a method of the current invention. The liquid can be for 
example subsmniially pure liquid or slurry which couuuns inorganic aud/oi organic 
particles or other substances, or something between these two options. Examples of 
liquids are, buL are not limited to, water, waste water, industrial water, sludge or 
solids suspension, pulp suspension or any other liquid, such as a solvent or other 
15 chemical. 

As used herein the term liquid treatment means treatment of liquid by one or more 
chemicals, which are dosed optimally to reach the efficiency required. The proc- 
esses following the treatment process or the quality of the product or authorities 
20 give. The target and limit for chemical Trftatmisnt efficiency. Over dose or under dose 
of chemicals is avoided by proper control actions. Liquid treatment may contain 
several process stages for example coagulation, flocculadon. oxidation, reduction, 
adsorption, absorption, foam prevention, deposit control and/or separations. 

Coagulation is the dcstabilization of colloidal particles brought about by the addi- 
tion of a chemical reagent known as a coagulant. Fine particles in a suspension col- 
lide with each other and stick together. Usually the particles are brought near to 
each other by Rrnwnian motion or by flow. (Water Treatment Handbook. Vol 1 and 
Vol2,199l,Degremont) 



25 



30 



35 



Coagulant is an inorgonic (anion/cation) or organic (polyelectrolyie) chemical, 
which neutralizes the negative or positive surface charge (desubiliicaduu) of die 
impurities colloidal particles. Water Treatment Handbook, Vol 1 and Vol 2, iy9l, 
Degremont) 

Plocculation refers to the action of polymers in forming bridges between suspended 
particles or working by patch models, causing strong, relatively irreversible ag- 
glomeration. 
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The reagent called a flocculant or a flocculam aid may promote ihe formation of the 
floe. Hocculant can be an inorganic polymer (such 03 activated silica), a natural 
polymer (starch, alginate) or synthetic polymers. (Water Treatment Handbook, Vol 
1 and Vol 2, 1991, Degremont, Water Quality and Treatment, A Handbook of 
5 Communi ty Water Supplies) 

Oxidant can be any oxidising agents known in toe art. Usually oxidant is a com- 
pound that spontaneously evolves oxygen, e.g. either at room temperature or under 
slight heating. Oxidants are generally used for bleaching and as part of biocides. 
1 0 Hydrogen peroxide and peracetic acid are examples. 

Adsorbent is a substance which has the ability to condense or hold molecules or 
ions coming out of aqueous solution and remaining on a surface. Bentonite is an 
example. 

15 

Dispersing agent is a substance such as phosphate or acrylate which cause finsly 
divided par ticles to come apart and remain separate from each other in suspension. 

Biocides arc chemical additives designed to inhibit the growth of microorganism or 
to kill microorganisms, such as harmful stime-forming hacferia or fungi. Biocides 
are generally used in deposit control applications. 

Defoamer (defoaming agent) is a substance used to reduce foaming due to gases, 
nitrogenous materials or proteins, which may interfere with processing. Examples 
25 are long chain fatty alcohols, organic phosphates, silicone fluid etc. 

As used herein "feedback controller" denotes any feedback controller known in the 
art. Generally the feedback control is an operation which, in the presence uf distur- 
bances, tends to reduce ihc difference between the output of a system and the set 

30 point (nr an arbitrarily varied, desired state) by producing die actuating signal in 
such a way as to return the output to the desired value. A feedback control system 
is a system which tends to maintain a prescribed relationslup between the output 
and the reference value by comparing these and using the difference as a means of 
control. (Stephanopoulos : Chemical Process Control. An Introduction to Theory and 

35 Practice, 1984, Prentice-Hall, p. 241-248) 

As used herein "feedforward" controller denotes any feedforward controller known 
in the art. Generally the feedforward control means control of effects of direcdy 
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measurable disturbances or the process changes by approximately i^eusating for 
their impacts on the process output before they materialize. This is advantageous 
especially in slow systems, because, in a usual feedback coulrol system, the correc- 
tive action starts only after the output has beeu affected. (Stephanopoulos: Chemical 
Process Comrol. An Introduction to Theory and Praedee, 1984, Pientice-Hall, p. 
4U-427). The feedforward conbroUer cau optimize also the ratio of chemical con- 
sumption when two or more chemicals are used. 

Adaptive is called a control system, which cau adjust its parameters automatically in 
such a way as to compensate for variations in the characteristics of the process it 
controls, e.g. changes of desired steady-state operation. In non-stationary processes 
the characteristics change with time.. The optimal performance is maintained by ad- 
lusting parameters on the basis of an additional criterion. (Stephanopoulos: Chemi- 
cal ^Process Control. An Introduction to Theory and Practice, 1 984, Prentice-Hall, p. 
43 1-438). In the systems of the current invention the adaptation is performed by the 
adaptation block. 

As used herein the term "adaptation block" defines the subsystem for modifying the 
comrol surface in changing operating conditions, which are defined for example 
with the quality index, e.g. purity index, and the process requirement, e.g. set. point 
As used heron the term adaptation includes also predefined modification proce- 
dures of the controller parameters, i.e. on-line self-tuning is not necessarily needed. 
Adaptauon can be pcrfonned for example with linguistic equation models, which 
are especially beneficial in complex systems. For simple systems the linguisdu 
equanon model can be replaced for example by fuzzy systems or conventional tech- 
niques. 

As used herein "cascade" control system denotes any cascade control system known 
in the art. A cascade control system is a multiple-loop control system where a mas- 
ter conlroller controls the primary variable by adjusting the set point of a related 
secondary variable controller (slave controller). The secondary variable then affects 
the primary variable through the process. Disturbances arising with the secondary 
loop are corrected by the secondary controller before, they can affect the value of the 
primary controller output Usually there is only one master controller and only one 
slave controller, but some applications benefit, from the use of more than one slave 
controller. (Stephanopoulos: Oicmical Process Control. An Introduction to Theory 
and Kracti.ce, J 984, Prentice-Hall, p. 395-402). 
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As used herein intelligent analyzer denotes au implemented software module or de- 
vice representing measurement handling routines, e.g. indirect measurements, trend 
analyzers and detection of operating conditions. Iulelligeut analyzers can be used 
together with controllers. 

5 

Detailed description of the invention 

The current invention is based on a non-linear linguistic equation (IJR) controller 
whose control surface is modified adaptively by using the information obtained 

10 from the properties of liquid and the process requirements by means of an adapta- 
tion block. The control system comprises one or more feedback and/or feedforward 
controllers for controlling the dosing of chemicals, adaptation blocks for performing 
the adaptation and optionally intelligent analyzers. A cascade controller may be 
used for special operating conditions where also process requirements need to be 

15 changed. 

The current invention can be applied in sovcral applications of dosing of one or 
more chemicals in liquid systems such as, hut not limited to, water, waste water and 
industrial water treatment, sludge treatment (dewatering, thickening), retention and 
7.0 deposir control. Tn these liquid systems chemicals are conirolled by measurements 
that give response to chemical dosage. Liquid con be for example, but is not limited 
in, water, waste water, industrial water, sludge, suspension, liquid pulp suspension 
or any other liquid, such as a solvent or other chemical. 

25 

Linguistic equations 

The method used in the current invention is linguistic equation (LE) method which 
is a comprehensible tool for non-linear modeling and control applications. The gen- 
30 eral LE model can be presented as follows. 

AX+B=o, 

wherein die matrix X defines linguistic levels for variables and matrix A defines the 
35 direction and strength of the interaction hetween variables. Bias term B can be used 
to shift the model from the origin. Different operation points can be taken into ac- 
count by adaptive features. The FuzzEqu Toolbox in the Matlab environment pro- 
vides routines for developing the LE-models from die real data or based on the 
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knowledge of the experts. This luulUw. includes automatic generation of systems, 
model based techniques and adaptation techniques (Juuso, 1999, Fuz2y control in 
Process Industry: The Linguistic equation approach. In: Verbruggen, H. B., 
Zimmermann, H.-J., Babuska, R., editors, Fuzzy Algorithms for Control, Tnterna- 
5 donal Series in intelligent Technologies, pp. 243-300. Kluwcr, Boston, USA). 

Linguistic levels of the input variables are determined by means of membership 
definitions. These definitions scale the real values of variables tn the linguistic lev- 
els widi (he rauge of [-2 +2]. Membership definition comprises two monotonously 

10 increasing functions. The first function determines the linguistic values between -2 
and 0, and the second function determines the linguistic values between 0 and 2. As 
an example these functions can consist of two second-order polynomials. Second 
order polynomials were used in the comparison examples. Membership definitions 
can be also defined by using the process expertise. (Jarvensivu eLal, 2001 Intelli- 

15 gent control of a rotary kiln fired with producer gas generated from biomass. Engi- 
neering Applications of Artificial Intelligence, Vol. 14. p. 629-653.) 



20 



30 



In the case of polynomial membership definitions, the linguistic level of the input 
variable,/ is calculated according to equation 2. 



2a, ' X ™js™l~ x ] imt i ^ x mxjjal 



2 ¥ x j t tcal ~ x mjJta\ 



where a } and b } are coefficients of the polynomials, c } \% real value corresponding to 
the linguistic value 0 and x lreal is the real value. x maxjJtcl and x mi ^ nai are minimum 
25 and maximum values of the. real data corresponding to the linguistic values -2 and 
2. After Hie linguistic level of the model output (X autpuI ) is calculated according to 
equation 1, it is converted to real value of the output Qc outputt , n J) using Ihe following 
equation: 



X outiMs€at a citwaX output ^Kitrput^attlpUr + r o*«w » (3) 

where a 0ttJ3W and b putput arc coefficients of the polynomials and c omm is the real value 
corresponding to the linguistic value 0. 
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The example of water purification 

Next the current invention is described wiih examples whcie die method according 
to the invention is used in the purification of water in an industrial process. The fol- 
lowing examples are intended to be exemplary and arc provided to enlighten the 
invention and should not be considered as limiting. 

In one preferred embodiment of the current invention a purification unit is con- 
uccicd in au iuternal water circulation in forest industry. The unit is used for remov- 
ing of suspended solids and extractives from the process water in order to reuse, the 
water in die process. The incoming process water contains generally a lot of sus- 
pended solids, extractives and anionic substances. Anionic substances are mainly 
soluble in water and so they can not be removed by precipitation. However, those 
substances consume chemicals for neutralizing the catinnic charge. The quality of 
mconiing water to the flotation may fluctuate in the large range depending on the 
process conditions. The internal water circulation has also an effect on the quality of 
the incoming water. 



Two chemicals are fed to me incoming water before the basin. Coagulant neutral- 
izes the charge on the surface of panicles. It enables panicles and colloids tu coa- 
lesce and form tittle floes. Hocculant forms bridges between floes and increases the 
floe size. Part of the clarified effluent is recycled, pressurized, and saturated widi 
air. The recycled water is fed to the flotation basin through the pressure release de- 
vice. In the device the air is released from die water in the atmospheric pressure and 
25 fine bubbles are formed. In the reaction zone of the basin the air bubbles attach 
themselves to the floes. In the separation zone die bubble-fitw-agglomeraies float to 
the surface, where they are removed by mechanical scraping. 

Several water properties are measured continuously from the process. Concentration 
of suspended solids, conductivity, temperature and flow rate of mcoming water arc 
measured by on line sensors. In addition, an on-tine soft sensor estimates the pro- 
portional quality of the incoming water. Turbidity and pH are measured in the out- 
going water. Measurements of suspended solids and turbidity am based on the in- 
tensity of baekscalLcring tight widi different wavelengths from the particles and col- 
35 loids. 

The dynamic simulator was developed for the purification unit. Main purpose of 
the simulator was to get on environment for developing, testing and tuning the con- 
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troflers and m get a tool for analyzing the operation of the process. Simulator li- 
tems a dynamic linguistic equation (LB) model for the flotation basin, confers 

SnnTT C ^f CalS w ? d " Waief QUaliCy tadicator CAina11 L - M., Juuso E. 

fotelhgent Water Quality Indicator for Chemical Water Treatment Unit. In 
Proceedmgs of SIMS 2002- 43* Conference on Simulation and Modeling, Oulu, 
Finland, September 26-27). The simulator was built in Matlab Simulink. 

The faster effecting chemical, flocculant, is controlled by Pl-type feedback LB con- 
troller with an adaptation block. The change uf conUol is calculated on the basts of 
the error and the change of error between the set point of turbidity and measured 
turbtuity. More slowly affecting coagulant is controlled feedforward by a knowl- 
edgebase* controller. Other control alternatives for coagulant are a stead y state LE 
model and a constant value. 

15 LE-iuodd for Uie water purification unit 

Main purpose for modeling the treatment unit was to get a tool for analyzing the 
operanon ot the process. The model can also effectively be used as an environment 
for developing, testing and tuning the controllers. Generally a LE-model for a water 
m purification unit is generated from on-line data. Experimental design techniques are 
effective way to collect reliable on-line date. The modeling of the process is not 
necessary for implementation of controllers but it can ease timing and testing of the 
control system in advance. 



In a case example central composite design was utilized in the development of the 
models and in order tn evaluate the effect of chemicals dosage on the treatment re- 
sults. Chemicals were tested in a large range to find real effects of the variables 
Vanahles were tested at five different levels in order to evaluate die non-linear cf- 
tects. The amount of experiments (9) is moderate compared to complete five-level 
30 factor design (25 experiments). 

The input variables of the model are the cuncenuuUon of suspended solids (ss\ the 
previous value of the turbidity (titrbin) and the amount of chemicals (coag. floe) 
The output variable is the turbidity (lurbour). The interaction coefficient of the vari- 
able 7 is aj . Input variables are scaled to the linguistic values by equation 2 The lin- 
guisuc level of the outlet turbidity (Y) is given by equation 4. " 
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y ~ <W <«„,,, • X mg I • X^ + a, - X„ + a lum . X^ ) 

(4)This basic model predicts the outlet turbidity quite well, when the quality of 
incoming water is typical and stable. Inaccuracy of the model increases when the 
quality of incoming water changes greatly e.g. due to the concentration changes of 
anionic substances at incoming water. These concentration changes cannot always 
be seen with current on-line measurements. 

A dynamic multi-model was developed to avoid these problems occurring in the 
accuracy of the basic model. Multi-model consists of sub-models for different op- 
eration conditions. The structures of sub-models are same as those of the basic 
model. Same interaction matrix is included in all the sub-models. This is quite rea- 
sonable since the directions of interactions do not vary considerably between differ- 
ent operation points. The differences between the models are treated with member- 
ship definitions. The water quality indicator selects a proper sub-model for each 
15 operation condition. 

The quality index 

The quality index is a calculated value, which describes the quality of incoming wa- 
ter. Oenerally the quality of incoming water changes gready hi me treatment unit 
due to the concentration changes of impurities. These concentration changes cannot 
always be seen with current on-line measurements. In these situations die quality 
index is used for the monitoring of the water quality. 

Generally a model based soft sensor calculates the quality index on the basis of on- 
line and/or off-line measurements and/or analysis, process conditions, the consump- 
tion of chemicals and/or purification result. The modeJ can be any known model 
sucn as mechanistic model, regression model or LE model. Measurements and 
anolyais such as physical or chemical properties of liquid, liquid and chemical flow 
rates are inputs of the model. Model results a new property describing the level of 
chemical need. 

In the case example a water qualiry indicator calculates the purity index of iucoming 
water. A basic model for the purification unit is a core of the water quality indicator. 
The indicator contains three stages: the basic model, the calculation of error bc^ 
tween measured (on-line) and predicted outlet turbidity and the scaling of the error 
between -2 and 2 (Figure I). If the error is positive the water quality is more impure 
than the average value. If the error is negative the water quality is more pure than 
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tic average. The average (normal) water quality was defined using on-line data for 
a long period (one month). 

The water quality indicator calculates the relative purity index of Incoming water in 
the range of -2 lo 2, wluch corresponds to the properties from extremely impure, 
impure, normal, pure to extremely pure. The cationir. demand of the incoming water 
correlates strongly with the purity index of the incoming water. Figure 2 shows that 
file cauomc demand is decreasing and the. incoming water is getting pure (the purity 
factor increases from impure to cxtecmcly pure) at the same time. According to 
htooratory analysis the canonic demand characterizes principally toe concentration 
of anionic hemiceUuloses. The canonic demand was analyzed from samples by 
means of Mtitec laboratory instrument. 

The feedforward controller 

The feedforward controller takes into account toe process changes. It can also opti- 
mize the ratio of chemical consumption. Input variables of the controller are for ex- 
ample direct anrifor indirect calculated measurements, which describe die quality of 
incoming water and the need of the chemical dosage. 

The controller can be a static LE model or a knowledge-based controller which is 
simplified form of toe static LE- model. The static LE-modcl based controller can 
be expressed in the following equation, where Y is the linguistic value of The 
chemical dosage, a, is an inieraeliou coefficient and Xj is the linguistic value of in- 
25 put variables i,i=l... n . 

Y = -~(a l X l +a s X 2 +...+«„Xj (5) 



Scaling between real and linguistic values is carried out by membership definitions 
The proper chemical dosages can be defined in the membership definitions. 

If number of input variables is small and the effect of variables on output variables 
is linear toe static LE-model can be simplified so that the scaling between real and 
linguistic values is nut necessary. This kind of LE-conta>llcr ia so-called knowledge 
based controller (Figure 6). it can be expressed in the following equation, where y is 
toe value of a chemical dosage, y baiic is a typical basic dosage, >q ts die value of an 
input variable and w. Is toe weighting coefficient of an input variable i, i_i . . . a . 
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y-ytm*+*>A +...w n x n 



(6) 



In a case example the slowly effecting chemical is dosed feedforward. The typical 
set point xrsp, is achieved by the basic dosage if die mcuiniua water is normal Cou- 
nty mdex is 0). In the knowledge-based controller the differences in opening con- 
dxuom are handled with the purity index of the incoming water, x Ph and the differ . 
ence between the set point, x sr> and the typical set point (Hgnre 7). 

y = Vt^c + w ri x„ +• w sr (x^ - i w ) (7) 
The feedback LE-controller 

The fine-tuning of chemical dosage is done by the feedback Pi-type LE-connoIler. 
The change of control is calculated on the basis of me error and the change of error 
between the set point of turbidity and measured mrhidity (Figure 3). 

Input variables of the feedback LE-controller are a set. point value and a measure- 
mem from outgoing water for example turbidity. This measurement should describe 
the. treatment result of the purification unit. It should also give the response for the 
change of the chemical dosages. 



The LE-controllcr can be expressed in the following equations, where Y is a lin- 
guisric value, y is a real value and q axe a tuning parameters i, i=l, 2, 3. Scaling be- 
25 tween real and linguistic values is carried out by membership definitions. 

W * ccurot = c, (c, X awr 4- r. 2 X amiie ^ eiin ) (g) 

^flw amir* = x prowus emiwt + x <J^ e »/ ccmnl (5) 

The adaptive LE-controller 



An adaptive LE-controllcr contains the LE controller and an adaptation block The 
performance of the adaptation block is based on identification of the process state 
by an adaptation model. The adaptive block modifies the control parameters accord- 
ing to this knowledge. Therefore adaptive LE-coutroller can operate at large range 
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Sr^TSI « f" 1 ■** ft. prccc* opera- 

T f"** m '" tot " i " io,, Meffioia »- ««* ™'«p»« ^ 

-4. follow,,* equallon , where Y is the linguistic vu« of .he *d»ph,,JLff f . 
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Scaling between real and linguistic values is carried out by membership definitions. 

basis of the punty md« QC^) and the set point of turbidity (X s ,) (Figmr 4). 
7c= ~~ */w + «a> Xsp ) 

0 



(11) 



The feedback controller with adaptation feature, which is used in the preferred em- 
bnAmem of the invention, accommodates much better to the dynamic situations 
than a basic LE-controller. muuummm 

When the water quality is pure the adaptation coefficient decreases the change of 
control in order to prevent the oscillation of the turbidity. When the water quality is 
impure the adaptation coefficient increases the change, of control in order to accel- 
erate control actions. 

Tuning methods 

Tuning of control parameters is generally done when the control system is imple- 

i JVE 1 DeCeSSaiy t0 confTo11 ^ a11 time because operational 

pxmciple of I&conwJto is different than it is in self tuning PID controller, i.e. 
mod wcrton of the controller parameters is based on direct or indirect measure 
ments (soft sensors, intelligent analysers) in a predefined way, e.g. process models 
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or heuristic knowledge. Prc-tuuiiig facilitates fast operation in changing operatic 
conditions. ° ° r ° 

Tuning and testing of controllers is most easily and fast tn do m the simulator in the 
case of complicated control systems. The simulator contains a dynamic process 
model and controllers. Generally experimental dasign is utilized in die development 
of the model, because models are often data based. 

Tuning and testing of controllers can also be carried out in me process if the control 
systems are simple for example only feedhaclc TJR controller without a predefined 
adaptive feature. A setf-runing LE controller is a feasible solution if die operating 
conditions change in an unpredictable way but very seldom, i,e. ihe time ueeded for 
toning negligible compared to the operation time. 

In all these situations methods based on for example random search algorithms (for 
example chemotaxis algorithm, genetic algorithm) or grid search can be used effec- 
tively to cunc the controllers in the process or in the simulator. UVial and error 
method can also he used to tune the controllers for example when the control sys- 
tern is simple. 

Cascade control 

Cascade controller systems may be needed to recover or prevent problems occurring 
in some special cases. Since the feedback LE controllers keep the controlled van 
ables efficiently within acceptable limits, the set point should he fitted to the re- 
quirements of The other sub processes, e.g. propenics of the treated Kquid must be 
within specific limits. Cascade control can be also used for optimization of the 
treatment level in connection to the overall process. The cascade improves both 
feedback and feedforward control. 

Examples 

Comparison test examples 

Comparison tests between commercial self-tuning PlD-controllers and the new 
adaptive LK-con trailers of the current invenduu were carried out during spring 2003 
in a water purification unit. The unit was connected to an internal water circulation 
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^ ^^ mCOaia * Pr0CCSS ^ """" sus P^ 'olids, hemical- 
ouZ , SUbStanCeS " Tte of ™<™™S warer to the 

Z^L r r, flUCUiaIe ^ ^ ^ d ^in g on the process con* 

from " f01 ' iem ° ViU8 rf SUSpCndcd Solids «* colloidal substance! 

m the mcommg the flow rate of incoming water and water mrbidity in the outgoing 
were measured by on-line sensors. Me,.,™ ants of suspeMed J ids md J™ 

10 Z lm Z T*^ ° f backscartcri *S with different wavelengths (600 
10 and 900 nm) from the particles and colloids. 

ranon stage Cheml, which is a coagulant, neutralizes the charge on the surface of 

is 5£z ■ r rr p r des ^ couoids 10 - noc r££ 

15 which is a flocculont, forms bridges between floes and increases the floe size Floe 
«. removed from the water in separation stage. Purification result is folZllZ 
on-hn C sensor of outgoing turbidity. The chemicals have been dosed either by self- 
uuung PID confers or the new adaptive LE-conlrollers according to the cuZt 
invention on the plant at a time. cunreM 

20 

The basis of Ac commercial controller used in a comparison is a seif-hming PID 
controller designed exclusively fur polyu^ connxuTLry control variable^ 
usually measured with on line turbidity or suspend sc^nLirnr. TheTerform- 
25 IS COnff ? er " ^ l ° BiVC ^ lCS P°- c to «*■— dosages e.g. by 
the turbidity changes because of varying operating conditions too fast 

The commercial controllers or the new controllers of the current invention were 

30 c2t7 * °? ^ ExaCtIy ShaUAT co ^ons for compilers 

30 cannot be repeated because of complex internal water circulation. Several sub! 
processes have also a great effect on the amount and quality of water Therefore 
process simulations with new controUcrs have also been uJfL T P 2^ll 
comparison, fhe simulator developed for the purification uuil contains a dynamic 
15 S T T m ° dCl f ° r * e I"*"*" two controllers tor dosing 

S^Th I' ^ m0dBl CtJculates ° utlel ^idity on the basis of chemical dosages, 
model has been tested with on-line data coUected from the plant. Acceding to^ese 
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tests, the generated dynamic models provided a good prediction for the outlet tur- 
bidity (Figures 9o, 10c, lie, 12c, 13e and 14c). 

The water quality indicator is a model based soft sensor. Tt calculates the relative 
purity index of iiicuudug water in the range of -2 to 2, which corresponds to the 
properties of water from extremely impure, impure, normal, and pure to extremely 
pure. 



Typically the quality and the amount of incoming water can change a lot in a broad 
10 range. Quite often the changes are very fast. Keeping the purification result stable 
the dynamic situations is very challenging for controllers. In the following examplu 
the performance of the commercial and the new adaptive LE controllers of the pre 
sent invention are compared to each other in changing operating conditions. 



in 
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Definitions for parameters m Figures of comparison tests 

"Incoming Flow" (%) describes the relative amount of incuming water. The value 
of 100 % corresponds to the maximum capacity of the purification unit. 

"Purity Index" describes the quality of incoining water at the range -2 and 2 (from 
extremely impure to extremely pure water). 

"Turbidity" (NTU) describes me amount of colloidal substances in outgoing water. 
"Set Point" (NTU) describes the desired outgoing turbidity. 

"Scaled Dosages" describes relative amount of chemicals. The value 1 corresponds 
to the maximum amount of the chemicals. 



Example 1. Change uf incoming water quality 

Example la. Performance of (he new adaptive feedback controller according to 
35 m * invention when the water quality Is changing, 

New adaptive feedback LE-controller can react to the change of water quality fast 
and can keep the set point value. There is not offset between the measured and set 
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point turbidity. The change of tlic iucuining water quality has an immediate effect 
on the chemical dosage because the feedback controller reacts fast to the error be- 
tween turbidity and set point. 

5 Iu die example the purity index varies between 1 and 1.6 (Figure 9a). When the wa- 
ter is getting first slightly more pure the chemical dosagft is decreasing immediately 
(purity index from 1.2 to 1.6). After that the impurity of water starts to increase 
slightly (purity index from 1.6 to 1.0). The feedback controller increases chemicals 
and can keep the set point value (Figure 9b). 

10 

Example lb. Performance of the commercial controller when the water quality 
is changing. 

The commRrnial feedback controller cannot always keep the set point value when 
15 the quality of incoming water starts to change, especially in fast changes. Controller 
starts to increase or decrease the chemical feed too slowly. As a result ihe isixox be- 
tween measured and set point turbidity can be significant. Often a constant devia- 
tion from set point value can also remain. 

20 In the example the incoming water is very pure for 5 hours (purity index is 2, very 
pure) (Figure 10a). Then the quality of water is getting impure and approaches The 
normal water quality level (the purity index decreases from 2 to 0). Figure 10b 
shows that the commercial feedback controller keeps the set point when The water 
quality is stable. During the change the uontioller increases chemical dosages too 

25 slowly. As result the chemical dosage is not enough to keep the outlet turbidity m 
the set point value. 



According to die simulation results the new feedback controller can react to the 
change of water quality much faster and can keep the set point value (no offset be- 
30 tween the measured and set point turbidity, Figure lOd). Figure 10c shows that the 
dynamic model can predict the outlet turbidity well dining this trial. 



35 



Example lc. Performance nf commercial feedforward and feedback control- 
lers when the water quality is changing. 

The commercial feedforward and feedback controllers can keep the set point well 
when the quality of the incoming water is stable. Turbidity can deviate from the set 
point quite a lot when the water quality changes as ir can be seen in Figures 11a and 



VAST.OTTO 29-08-2003 14:20 



MISTA- 435600600701 



KENELLEPATREK Asiakaspalvol SIVU 020 



M M*M«t i men i i | lUIMiaiU 



+368 B SS6B701 - K-602 S.027/052 T-4U 



10 



15 



20 



25 



30 



35 



24 

^T^Z lhB T 111 ^ 1 rBSUllS ^ UCW C0ntt0l,ers Ca » appxoach to the set 
pom more steaddy in the same situations (Hgure lid). Hgure llcThows that the 
Nation model is reliable and predicts the mealed turbidity well. 

L^ n b t nnil,g ^ ° f ^ U>Boa * 1 * WatW is — «* «V index is 0). 

Small peak, m punty mdex (e.g. from 0.5 to 0, from 0.5 to -0.25, from 0.8 to 0 1) 

ted speaks m turbidity with commercial controllers, but not with mo new control- 
lers. When mcommg water is getting pure (purity index from -0.25 to » the com- 
mercial controllers can not react to changes in turbidity fast enough. The new con 
*o lers work better in mis situation according ro the /mmadon, t^ ZZ- 
lers approach the set point faster and the deviation from set point is smaller. In addi- 
nonjhe conunema, controllers lead to offset from set point during small long-run 
decrease of nnpuntv level at the end of test (puriLy index decreases from 1 at 8 a.m. 
to U. / at 6 p.m.). This offset is not observed with new controllers. 

Example 2. lbe amoimt of water js changIng 

Example 2a. Performance of both new controllers when the amount of water 
»s changing (half of water feed) 

The new controllers can react to the halving of incoming flow quite well. Control- 
lers can keep the set point value and there is no offset between the measured and set 
pomt turbrdity as it can be seen in Figure 12b. 

In the example the set point of die turbidity is decreasing at the same time as the 
mcoming flow is halving because of d« process demands (optimization of sludge 
flow). Before die change the controllers keep the set point very well. During the 

ea^ T ^ ^ ^ ° f ChCml WWrily quite high be 

cause the chemical pump reacts slowly to the change of water flow rate. As result 
the outlet turbidity decreases also temporarily. Otherwise the oudct turbidity fol 
lows well the set point. 

Sample 2b. Performance nf commercial feedback controller when the 
amount of water is changing (double water feed) 

Doubling of tho water feed is more demanding for the controllers than halving of 

« feBdbe S. USe me Chmee 0f * 6 ^iurbs U* «l*mU» of the 

punfication umt. The amount of water increases in few minutes. This leads to a 



•OTTO 28-08-2003 14,28 HISTA- +35085566701 



KENELtEPATREK Aslakaapalvel SIVU 027 



• — — -» m Ngyuiui 



5 



10 



15 



20 



25 



25 

rapid peak in oudel turbidity. Either commercial or new controllers can fix this peak 
completely. 

In the example the commercial feedback controller doses the chemical (Chem2) 
during die doubling of iLc water feed (Figure 13a). During me change the feedback 
controller reacts too weakly to the peak of turbidity. As result the turbidity increases 
quite high (475 NTU). Figure 13b shows that the commercial feedback controller 
adds the chemical dosage too slowly after the change so the offset between set point 
and measured turbidity remains. 

According to the simulations the new feedback controller is working better in this 
situanon (Figure 13d). The controller reacts more strongly uj Ow peak of turbidity. 
As a result the turbidity increases only to the value of 350 NTU during the change. 
After the change the feedhack controller keeps the set point value very well. 

Example 2c. Performance of both commercial controllers when the amount 
of water is changing (half of water feed) 

Halving of the water feed does not disturb the operation of the purification unit as 
much as doubling of the water feed. So (his situation should be easier for the con 
trollcrs. When both commercial feedback and feedforward controllers dose the 
chemicals during the change of water feed Ike changes in turbidity arc fixed by 
feedforward controller. As result the turbidity can deviate from the set. point values 
quite a lot. 



In the example both commercial controllers dose the chemicals. During the halving 
of the water feed the feedforward controller reacts to The decrease in turbidity (Fig- 
ure 14b). Cheml effects on turbidity more slowly than Chem2. That is why the tur- 
bidity decreases below the set point. After the change the controllers keep the set 
30 point momentarily. When the water is getting impure the controllers do not react to 
the increase io turbidity. As result the offset hetween turbidity and set point value 
remains. 



The new feedback controller reacts to the change in turbidity (Figure 14d). As result 
35 turbidity doe<; not. decrease as low as with commercial conuoUers. The feedforward 
controller reacts to the change of water quality. 
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Example 3. Disturbances iu Hie use uf (lie operation of commercial controllers 

Disturbances can sometimes appear in performance of commercial feedforward and 
feedback controllers, especially when ihe puiification unit is starring up or the in- 
5 coming flow rate is changing. In these examples the dosages of the chemicals can 
remain at the low or high limit 

Example 3a. The flow rale of Chemical 1 remains at the low limit. 

10 The dosage of Cheml remains at the low limit dining the start-up of the purification 
unit (Figure 15b). The feedback controller can keep the set point when the incoming 
flow late of water was low (approximately 40%). When the incoming flow rate was 
doubling, the water quality was getting more impure (Figure 15a). The feedback 
controller can not keep alone the turbidity at the set point. Turbidity was increasing 

1 5 above the. set point because* of the low damage of Cheml . 

Example 3b. The flow rate of Chemical 2 remains at the high limit. 

The dosage of Chem?. remains at the high limit in the start-up of purification unit 
20 (Figure 16b). As a result the feedback controller can not decrease the dosage. There- 
fore outlet urrbidity was below the set point. The disturbance was fixed manually by 
decreasing the dosage of Chem2. 

25 Example 3c. The flow of Chemical 2 remains at Ihe low limit. 

Figure 17b shows that the dosage of Chem2 remains at die low limit when the 
amount of incoming water is halving in few minutes. Temporarily the turbidity of 
water is decreasing below ihe set point. Hie conuollcr decreases the amount of 

30 chemical, but for some reason the dosage remains at low limit for several hours al- 
though Ihe turbidity increases even over the set point. The amount of Chem2 is so 
small that the purification efficiency is declining and the turbidity is increasing 
abuve the set point. However, the controller docs not increase the amount of 
Chem2. This disturbance of the feedback controller was fixed manually by inercas- 

35 ing the dosage of Chem2 temporarily. 

This invention has been described with an emphasis upon some of the preferred 
embodiments and applications. However, it will be apparent for those skilled in the 
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an diat variations in ihe preferred embodiments can be prepared and used and that 
the invention can be practiced otherwise than as specifically described herein within 
the scope of the following claims. 
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Claims 1 

1. A method for automatic dose control of one or more chemicals in a liquid 
treatment system, characterized in that the properties of liquid are used to modify 

5 the conirul surface of a linguistic equation (LE) controller adaptively by means of 
an adaptation block to control the rinsing of one or more chemicals to the liquid by 
one or more controllers, 

2. The method of claim 1, characterized in that the linguistic equation is a dy- 
10 namic linguistic equation. 

3. The method of claim 1, characterized in thai die linguistic equation is a static 
linguistic equation. 

15 4. The method of any of die claims 1-3, characterized in that the linguistic 
equation is a non-linear linguistic equation. 

S- The method of any of the preceding claims, characterized in that at least one 
of the controllers is a feedback controller. 

20 

6. The method of any of the preceding claims, characterized in that at least one 
of the controllers is a feedforward controller, 

7. The method of any of the preceding claims, characterized in that the control- 
25 ler setup comprises one of more cascade controllers. 

8. The method of any of the preceding claims, characterized in that die proper- 
ties of the liquid arc described by quality index. 

30 9. The mediod of claim 8, characterized in that said quality index is purity in- 
dex. 

10. The method of any of the preceding claims, characterized in that said liquid 
is water. 

35 

11. The method of any of the preceding claims, characterized in that said liquid 
treatment system is a water purification system. 
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12. The meihod of any of die preceding claims, characterized in that said chemi- 
cals are coagulants and/or flocculants. 

13. The method of any of the preceding claims, characterized in that said chemi- 
5 cals are oxidants and/or rediLttaiits. 

14. The uiediod of any of the preceding claims, characterized in that said chemi 
cals are adsorbents. 

10 15. The method of any of the preceding claims, characterized in that said chemi- 
cals are dispersing agents. 

16. The method of any of the preceding claims, characterized in that said chemi- 
cals are biocides. 

15 

17. The method of any of the preceding claims, characterized In that said chemi- 
cals arc defoamcrs. 

18. The method of any of the preceding claims, characterized in that said proper- 
20 ties of liquid are defined from incoming liquid. 

1 9. The method of any of the preceding claims, characterized in diat said proper- 
tics of liquid arc defined from outgoing liquid. 

25 20. The method of any of the preceding claims, characterized in that said adapta- 
tion is performed by LE-modeL 

21. The method of any uf die claims 1-20, characterized in that said adaptation is 
performed by fuzzy model. 

30 

22. The method of any of the preceding claims, characterized in thai said adapta- 
tion is based uu ieniote operation 

23. A device arrangement for automatic dose control of chemicals in liquid treat- 
35 ment system, characterized in that it comprises one or more adaptation blocks and 

controllers, and the properties of liquid are arranged to modify the control surface of 
a linguistic equation (LE) controller adaptively by means of a a adaptation block, to 
control the dosing of chemicals to the liquid by one or more controllers. 
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24. The device arrangement of claim 23, characterised in that the linguistic equa- 
tion is a dynamic linguistic equation. 

25. The device arrangement ot* claim 23, characterized in than the linguistic equa- 
5 Lion is a sladc linguistic equation. 

26. The device arrangement of claim 23, characterized in that the linguistic equa- 
tion is a non-linear linguistic equation. 

10 27. The device arrangement of any of the claims 23-26, characterized in lhat at 
least one of the controllers is a feedback controller. 

28. The device arrangement of any of the claims 23-27, characterized in that at 
least one nf the controllers is a feedforward controller. 

IS 

29. The device arrangement of any of the claims 23-28, characterized in that the 
controller setup comprises one of more cascade controllers. 

30. The device arrangement of any of the claims 23-29, characterized in that raid 
20 properties of the liquid are described by qualiLy index. 

31. The device arrangement of claim 30, characterized in that said quality index 
is purity index. 

25 32. The device arrangement of any of the claims 23-3 1 , characterized in thai said 
liquid is water. 

33. The device arrangement of any of the claims 23-32, characterized in that said 
liquid treatment system is a water purification system. 

30 

34. The device arrangement of any of the claims 23-33, characterized in that said 
chemicals arc coagulants and/or flocculauts. 

35. The device arrangement of any of the claims 23 34, characterized in that said 
HS chemicals are oxidants and/or reductants, 

36. The device arrangement of any of the claims 23-35, characterized in that said 
chemicals are adsorbents. 
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37. The device arrangement of any of the claims 23-36, characterized in that said 
chemicals are dispersing agents. 

38. The device arrangement of any of the claims 73-37, characterized in thai said 
5 chemicals are biocides . 

39. The device arrangement of any of the claims 23 38, characterized in lihat said 
chemicals are defoamers. 

10 40. The device arrangement of any of The claims 23-39, characterized in that said 
properties of liquid arc defined from incoming liquid, 

41 . The device arrangement of any of the claims '23 40, characterized in that said 
properties of liquid are defined from outgoing liquid. 

15 

42. The devices arrangement of any of the claims 23-41, characterized in that said 
adaptation is arranged to be performed by LE-model. 

43. The device arrangement of any of the claims 23-41, characteriwid in that said 
7.0 adaptation is arranged to be performed by fuzzy model. 

44. The device arrangement of any of die claims 23-43, characterized in that said 
adaptation is based on remote operation 

25 45. The device arrangement of any of the claims 93-44, characterized in thai it 
further comprises an intelligent analyzer. 

46. The device atrdugement of any of the claims 23-45, characterized in that it 
further comprises means for data logging. 

30 

47. The device arrangement of any of The claims 23-46, characterized in that it 
furdier comprises means for connecting to data network and/or telephone network. 

48. The device arrangement of any of the claims 23-47, characterized in that the 
35 system is arranged to send an alarm message to remote system when needed. 
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(57) Summary 

The present invention relates to a method for automatic 
dose control of chemicals in liquid treatment, particularly 
for automatic dose control of chemicals in water treatment. 
The present invention also relates to a device arrangement 
for automatic dose control of chemicals. The invention util- 
izes adaptive linguistic aquation controllers for dosing the 
chemicals. 
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